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influence of exposures is taken into account. The maximum relative volume of tolerances is ensured. The possibility of 
selecting elements is taken into account. 
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1. INTRODUCTION 
The task of providing the necessary accuracy of 

output characteristics is one of the main problems 
being solved when designing and producing 
electronic devices. The means of tolerance-
parameter synthesis for non-linear output functions 
are practically not available in the modern CAD 
systems of electronic devices. The problem of 
creating the software for assigning tolerances, in 
these cases, can be solved using interval 
mathematics [1-3]. 

The method of shaping simplified interval 
models for non-linear output functions of electronic 
devices is offered in [4]. Such models allow bringing 
about the optimization of operational tolerances for 
parameters of elements of electronic devices taking 
into consideration the influence of external actions 
[5]. The interval methods of determining nominal 
tolerances, which are ensured in producing elements 
have not been developed by now. 

The purpose of the paper considered is the 
development of methods of assigning the nominal 
tolerances using the simplified interval models and 
taking into account the changes of parameters of 
elements under the exposures. The simplified 
interval model of non-linear output function of 
electronic devices takes usually the form [4]: 
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where ];[ yy=y ; ];[ iii aa=a ; ];[ iii xx=x  are the 
interval values of output function, interpolation 

coefficients and input parameters; 
];[dual iii xx=x  is a dual interval; 

n  is the number of parameters. 
The exposures (temperature and humidity 

changes, aging etc.) result in altering the position of 
the bounds of intervals y  and x  and consequently 
interval model (1) is transformed into the expression 
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where ( )];[],;[)( pmpm
yyyy=yFb ,  

( )];[],;[)( pmpm xxxx=xFb  are interval structures 
having floating bounds [6]; 

my , py , mx  and px  are the interval bounds for 
lower and upper values of the external action 
coefficients. 

Mapping the interval-structure equation (2) into 
the area of interval numbers results in two equations: 
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where [ ]
pm

yy ;=y ; [ ]pm yy ;=y ; [ ]pm xx ;=x ; 

[ ]pm xx ;=x . 
The bound of interval parameters ix  in Eq. (3) 

have non-linear dependence on the external actions. 
These non-linear relations can be described by the 
simplified interval models: 
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 ( )dбx xnx += 1 ; ( )dбx xnx += 1   (4) 
 
where [ ]xpxmx αα= ;б  is the reduced interval 
coefficient of external actions; 

[ ]pm dd ;=d  is the interval of external actions; 

nx  and nx  are the lower and upper nominal values 
of the input parameters, defined in standard 
conditions of the environment. 

The procedure of assigning the nominal 
tolerances depends on the degree of knowledge of 
properties of radio-electronic elements or materials. 
It is possible to select two main kinds of procedures 
of assigning of the nominal tolerances: 

• The nomenclature of elements and materials 
has been determined; 

• There is a possibility of choosing elements 
from the data base. 
 

2. ASSIGNING TOLERANCES WHEN 
THE NOMENCLATURE OF ELEMENTS 

HAS BEEN PRESET 
It is assumed that the external action coefficients 

are determined, and there is the possibility of choice 
the nominal deviation of parameters if the 
nomenclature of elements has been given. It is true, 
for example, for resistors, because the latter are 
produced of the same materials but at different 
accuracy. After the external action coefficients have 
been defined, the endpoint deviations of element 
parameters are written as 

 ( )mxmnm dxx α+= 1 ;     ( )pxpnp dxx α+= 1  (5) 

 ( )mxmnm dxx α+= 1 ,     ( )pxpnp dxx α+= 1 . (6) 

In operational mode, the endpoints of parameters 
can take any of values (5) or (6). But if the external 
action coefficients have the same signs, the lower 
deviations of parameters are evaluated by 
formulae (5) and the upper ones — by (6). When the 
values xα  are positive ones, the nominal endpoints 
of parameters are determined by 
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where ex , ex  are operational bounds of parameters. 

If the external action coefficients are negative 
numbers the nominal bounds are defined by 
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The nominal input parameter bounds obtained 
allow defining the nominal bounds of the output 
characteristic and the coefficient of external actions. 
For this purpose, Eq.(3) is mapped into the area of 
real numbers and reduced to the system of four 
equations solved relatively to the nominal endpoints 
of output parameters and the external action 
coefficient  
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This calculations requires in the first line to 
determining operational tolerances. This procedure 
is considered in [5]. 

 
3. CHOOSING THE RADIOELEMENTS 

If nomenclature of radioelements and materials is 
not given the possibility of choosing elements 
appears. It allows to: 

• choose the most maximal external action 
coefficient; 

• expand tolerances of nominal parameters of 
radioelements. 

Thus, the requirements to element accuracy and 
equipment cost are reduced. Selecting elements and 
materials must be carried out taking into account 
their available nomenclature. It is preset by 
limitations: 

 maxmin xixixi α≤α≤α , (13) 

where minxiα  and maxxiα  are minimum and 
maximum values of external action coefficients. 

The set with the maximal leakage field of 
elements iα  is assumed to be the optimal solution of 
problem of selecting external action coefficients. In 
this case, to choose the optimal elements the 
multiplicative criterion (which can be called the 
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volume of hyperparallelepiped of external action 
coefficients) is used. 

DEFINITION. The value  

 xnxaS α=  (14) 

is called factor of compensation. 
The compensation factor can has positive or 

negative value depending on signs of coefficients a  
and xα . The nominal value of parameters and 
bounds of coefficients a  are used to define the 
endpoints of compensation factor.  

The application of expression (14) allows to write 
equations (11) and (12) in the form: 
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where +
iS  and −

iS  are positive and negative 
factors of compensation; 

p  and m  are the number of elements having 
respective factors; 

yry yS α=  is the compensation factor of output 
function. 

Taking into account the designation in (14), the 
system of limitations (13) assumes the form: 

 maxmin iii SSS ≤≤ . (16) 

THEOREM (compensation factors). Let the 
compensation factor of output function, the number 
of elements having positive and negative value be 
preset. The maximum volume of the factors of 
compensating the elements is reached if the 
conditions: 

 ySmSpS =+ −+ , (17) 

 ( )0if1;0if1 <≥>≥ yy SmSp   

are satisfied. 
The theorem is proved by constructing the 

hyperparallelepiped of maximum volume at the 
coordinate origin and at the point of compensation 
hyperplane (15). 

COROLLARY 1. The full compensation of 
external action influence on the output function is 
reached when 

 0=+ −+ mSpS ,      ( )1,1 ≥≥ mp . (18) 

COROLLARY 2. The distinction of sign at least 
of one factor of compensating elements is the 

requirement for compensating the of external action 
influence. 

Expressions (17) and (18) allow to organizing the 
procedure of selecting elements. At the first 
procedure step, the nominal deviation of output 
function is preset and the nominal deviation of 
elements is defined. The algorithm of this step is 
presented in [5]. 

Further, the endpoints of compensation factors 
are chosen taking into account conditions (16): 

 { }++ δ= max0 min ipS ;     { }−− δ= min0 max ipS . 

If the condition 

 −+ −> 00 mSSpS y  (19) 

is satisfied, the value +
0S  is the limiting factor and 

 ++ = 0SS ,    ( )+− −= 0
1 pSS
m

S y  

are assumed. 
The modification of the sign of inequality (19) 

leads to expressions: 

 ( )−+ −= 0
1 mSS
p

S y ,    −− = 0SS . 

The possibility of obtaining the given level of 
compensation is defined by conditions  

 { }−− < maxmin SS ,    { }++ > minmax SS . (20) 

If these conditions are not satisfied, then it is 
necessary to change the level of factor yS and to 
repeat the selecting of elements. At the end of 
optimization procedure, the external action 
coefficients are defined by expression (14). 

The optimization procedure suggested allows 
selecting parameters of elements, providing the 
complete independence of output characteristics 
from the external actions. This is possible if the 
nomenclature of elements is wide. In case the 
nomenclature is limited, it is necessary to increase 
the coefficients yα  to the values ensuring the 
compromise between the stability of output 
characteristics and that of element. 

 
4. CONCLUSIONS 

The interval methods of calculating the nominal 
tolerances proposed allow carrying out their 
optimization taking into account the limitations for 
the parameters of elements or materials. Achieving, 
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in this case, the maximum volume of external action 
coefficients, the requirements to the parameters of 
elements and the equipment cost are reduced. The 
advantage of method offered consists in minimizing 
the influence of exposures on the output 
characteristics, which approaches the nominal 
tolerances to the maximally allowable deviations in 
the operational process. 

The interval method of assigning the nominal 
tolerances may be employed under the conditions of 
non-linearity of output functions and in the small-
batch production when distributive law of stochastic 
variable is unknown. These methods may be used in 
the cases when it is necessary to provide the 
interchangeability of elements or if they are in small 
numbers. The statistical approach to calculating the 
nominal tolerances is preferred in other cases. 
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